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Introduction: As the highest cost of poultry production is the cost of feed, optimizing feed consumption and
reducing feed conversion ratio are very important in the poultry industry. Also, the problem of lower egg shell
quality caused by prolonged egg production period is an important issue affecting the breeding of old layer hens.
Approximately 10% of the eggs produced in poultry farms are lost due to breakage of eggshells, which accounts
for huge economic loss to the egg industry. Improving eggshell quality are essential for protection against
penetrating of pathogenic bacteria. As a result, a great deal of efforts have been applied to improving egg shell
quality in old laying hens in the fields of mineral nutrition. Numerous researchers have focused on the addition of
trace elements in the diet to regulate egg quality by improving eggshell ultrastructure. Manganese is an
indispensable trace element, Manganese takes a crucial part in biological processes, including the metabolism of
lipid, protein, and carbohydrate. The low Mn content in corn—soybean meal diets used in production and the
inefficient intestinal absorption of Mn in birds calls for the need for optimizing the supplemental provision of Mn
to birds. In the process of egg formation, manganese is important for the formation of the shell and the pleasure
affects the quality of the shell. Manganese is an important nutrient for laying hens. Dietary Mn is known to have
profound effects on the skeleton. Manganese supplementation affects the function and characteristics of the tibia.

Materials and methods: An experiment was conducted to investigate the effect of two inorganic and organic
forms of manganese on performance, antioxidant activities, immune system and bone strength in older laying hens.
250 Leghorn laying hens (w-36) with 80 weeks of age were divided into 5 treatments and 5 replications in a
completely randomized design. Treatments were: control (without manganese supplement), treatments containing
100% manganese sulfate (diet 1), 75% manganese sulfate and 25% organic manganese chelated (diet 2), 50%
manganese sulfate and 50% organic chelated (diet 3) 25% sulfate Manganese and 75% organic chelated (diet 4).
During the experiment, daily feed intake (g), egg weight, number and production of eggs (g/hen/day) and feed
conversion ratio were calculated. To evaluate the humoral immunity on the day of slaughter (94 weeks age), 10 cc
of blood was taken from two selected birds and its immunoglobulins were measured. To evaluate the bone strength,
two pieces of chicken were selected from each replication and after slaughter, the tibia of the right foot was isolated
and after preparation, the mechanical properties of the bones were measured. Also The antioxidant activities of
SOD (Superoxide dismutase), DPPH (2,2-diphenyl-1-picrylhydrazyl) and MDA (malondialdehyde) were
evaluated.

Results and Discussion: The results obtained in this experiment showed that the production performance was
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affected by experimental treatments. The lowest feed conversion ratio and the highest feed intake, egg production,
egg weight and egg mass were observed in diets 4 and5, i.e. treatments receiving 50% and 75% manganese organic
chelate. Also, the levels of immunoglobulin G and immunoglobulin M were significantly affected by experimental
treatments. The levels of immunoglobulin G and immunoglobulin M in the experimental treatments showed a
significant increase compared to the control treatment, while in immunoglobulin M there was no statistically
significant difference between diet 3 and basal diet. In addition, antioxidant activity was significantly affected by
experimental treatments. The amount of malondialdehyde was significantly reduced in diet treatments 4 and 5
compared to the control treatment. The percentage of DPPH (2,2-dipheny I-1-picrylhydrazyl) in diets 3, 4 and 5
showed a significant increase compared to the basal diet. Also, the amount of superoxide dismutase in diet 2
showed a significant decrease compared to other diets and control diet. However, the effects of inorganic and
organic manganese supplements on the tibia strength of older laying hens were not affected by experimental
treatments.

Conclusion: The results of this experiment showed that the addition of manganese supplement to the diet
improves the production performance and immunoglobulin G and immunoglobulin M through the use of organic
manganese source in laying hens and manganese amino acid chelate can replace 75% of manganese sulfate in the
diet of older laying hens. Also, antioxidant status was significantly affected by experimental treatments. In general,
the addition of manganese supplement in the diet of laying hens improves performance, immune system and
antioxidant activity in aged laying hens.

Keywords: Antioxidant activity, Bone, Immune system, Laying hen, Manganese.
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Table 1- Ingredients and nutrients composition of the control diets
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tvitamin premix provides per kg diet: vitamin A, 3200000 IU; vitamin D3, 1320000 IU; vitamin E, 80001U; vitamin K3, 1000 mg/kg;
vitamin B1, 1000 m%kg; vitamin B2, 2200 mg/kg; vitamin B5, 32000 mg/kg; vitamin B3, 12000 mg/kg; vitamin B6, 1600 mg/kg;
vitamin B9, 360 mg/kg; vitamin B12, 9 mg/kg; Biotin 30 mg/kg; Choline 44000 mg/kg; Antioxidant 3000 mg/kg. 2Manganese-free

mineral premix provides per kg diet: Zn, 32000mg; Cu, 3200 mg; I, 480 mg; Se, 88 mg; Fe, 16000 mg. The amount of base diet
manganese measured in the experiment was 79.01 mg/kg.
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Table 2- Effect of different Sources of organic and inorganic manganese on laying performance in old laying hens
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Control diet 2 diet 3 diet 4 diet 5
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Feed intake (gr)
S5 M’_J 62.03° 63.332 64.32@ 69.00?2 71.67°2 1.11 <0.001
Egg production
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Egg weight (gr)
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Egg mass (gr)
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Feed conversion ratio

oo s . Ske SEM

(P<e0,0) Gyl oyl gine cglis (bl Shasjl acindy po 55 i e Gy b (clapSile 2P
Jopd B+ gl ¥ oy 3Kie uj S o> YO ¢ 5380 Oldlgw o pd YO (ol ¥ ooy ¢5iKie Oldlgw duopd Voo (ool ¥ oy (jiSie oS o wb D).:?\
Broeos J'l S 2o )3 VO 4 535 Slidgus o pd YO (ol O 0y <%0 JT NS 2oy B0 g 55 Sl gu

SEM: standard error meaning.

ab\/alues in a row with no common superscript letter are significantly different (P < 0.05).
1 control without manganese supplement, diet 2 containing 100% manganese sulfate, diet 3 containing 75% manganese sulfate
and 25% organic manganese chelated, diet 4 containing 50% manganese sulfate and 50% organic chelated, diet 5 containing 25%

sulfate Manganese and 75% organic chelated.
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Table 3- Effect of different Sources of organic and inorganic manganese on immune system in old laying hens
‘@z‘-iL")'T L;\.M).,?
ool sl el )y Experimental diets SEM
Safety Parameters | abops  Yous Yoy ¥ ops O oy
Control diet2  diet3 diet 4 diet 5

P-value

e 162.60° 206.5% 157.30° 194.80° 177.30®° 1.09 0.0001
1gG (ng/ml)

L odslS i 64.10° 83.60° 65.70° 81.80* 75.40* 0.78 0.0001
IgM (ng/ml)
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SEM: standard error meaning.
abvalues in a row with no common superscript letter are significantly different (P < 0.05).
Icontrol without manganese supplement, diet 2 containing 100% manganese sulfate, diet 3 containing 75% manganese sulfate and
25% organic manganese chelated, diet 4 containing 50% manganese sulfate and 50% organic chelated, diet 5 containing 25% sulfate
Manganese and 75% organic chelated.
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Table 4- Effect of different Sources of organic and inorganic manganese on Antioxidant activity in old laying hens

alosl (gloo >
o ol Experimental diets SEM P-value
Parameters Gl oy Yooy Y oy ¥ ooy O oy
Control diet 2 diet 3 diet 4 diet5
e 284.30° 201.70P 216.802 341.90 363.50° 0.78 0.0001
SOD (U/ml)
s olle
il s o 1002 96.562 93.80° 87.63P 85.30° 6.12 0.0001
MDA
il g:;;a Jet 0 71500 76.33 82.50° 87.50° 88.33 7.24 0.0001
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.2, 2-diphenyl-1-picrylhydrazyl (DPPH).

SEM: standard error meaning.

ab \alues in a row with no common superscript letter are significantly different (P < 0.05).

Icontrol without manganese supplement, diet 2 containing 100% manganese sulfate, diet 3 containing 75% manganese sulfate and
25% organic manganese chelated, diet 4 containing 50% manganese sulfate and 50% organic chelated, diet 5 containing 25% sulfate

Manganese and 75% organic chelated. 2, 2-diphenyl-1-picrylhydrazyl (DPPH).
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Table 5- Effect of different Sources of organic and inorganic manganese on bone strength in old laying hens

' oalojl slao
ozl Experimental diets SEM P-value
Parameters Gloops Yooy Y ooy ¥ oy AFIVES
Control diet 2 diet 3 diet 4 diet 5
(N) w&w E9y8 124.70 213.70 215.75 228.30 157.10 28.09 0.17
breaking force
() unsd s b osipleni 5 0.09 0.13 0.14 0.15 0.10 0.02 0.29
breaking moment
e 1.94 1.23 1.57 1.41 1.22 0.19 0.17
bend broke
(M) 38 Colied 2.81 2.18 1.96 231 172 0.58 0.74

cortex thickness

e gl 1 SSle SEM
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SEM: standard error meaning.
Icontrol without manganese supplement, diet 2 containing 100% manganese sulfate, diet 3 containing 75% manganese sulfate and

25% organic manganese chelated, diet 4 containing 50% manganese sulfate and 50% organic chelated, diet 5 containing 25% sulfate
Manganese and 75% organic chelated.
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